A collection of computer programs 1s described which permit automatic entering of nucleotide sequence data directly from an autoradiograph into a computer. This collection, called DIGITPAD, makes use of a digitizing tablet for the data entry and allows the rapid and accurate transfer of the sequence Into the computer.
I. Introduction
Any computerized processing and analysis of nucleic acid sequence data requires that the primary sequence data be faithfully recorded at the outset. The development of very thin polyacrylamide urea containing gels (1) has permitted the resolution of products, from a single sequencing reaction, up to a chain length of 250 to 300 nucleotides per loading. Two sources of error are associated with the manual transfer of sequence Information from an autoradiograph Into a computer. The first Involves carelessness 1n reading the gel (for example, mistaking channels, or skipping nucleotides). The second occurs as a result of typographical errors while copying the sequence Into the computer.
We have developed an approach to overcome such errors by automatically transferring data directly from the original autoradiograph Into a computer. Our approach utilizes an electronic digitizing tablet that 1s controlled by a set of programs called DIGITPAD.
II. The Principles Behind the DIGITPAD Programs
A digitizing tablet (Fig. 1) operates by sending to the computer the location of any point on its surface once this point has been touched by a signal pen. This location is represented as a set of digitized X and Y coordinates.
The DIGITPAD programs contain two modes, one used for Initialization, the other for data collection. During Initialization, areas on the digitizing tablet are defined to be associated with particular functions. During data Table to In preparation for reading an autoradiograph each film is Initialized (or identified). This is done by assigning the data to be read from the gel to a specific data file (e.g. TRIALA). Also, 1n the case of multiple reactions per autoradiograph, each reaction 1s assigned an individual heading by the user (e.g. Test-1). This initialization of a film also requires the user defining the areas of the tablet which deraark each of the four nucleotide channel: (A graphic representation 1s provided complete with X, Y coordinates for the four points that define each channel.) Once this step is complete, the program (READ) is ready to accept data.
LOOKUP TABLE

TRIAL FILE OUTPUT:
Test-1 42
CCCCGGATCATGCCNATTCGGNCGAACTNTTNGCCACANGGN
Test-2 30
CCATTCGCGGCGACACTTTGCCACACGGGC GARBAGE FILE OUTPUT:
Test-1 number 1 41
CCCCGGATCATGCCATTCGGCGGCGACA CTTTG C C A C A C GGG
Test-1 nuiiber 2 38 CCCCGGATCATGC ATT CGGGCG A C A C T TTTGCCACAGGG Figure 5a (top):
This 1s an example of how data 1s formatted 1n the main output file (TRIALA) generated by DIGITPAD. Data 1n this format 1s acceptable by other computer programs designed to assemble nucleotide sequences (see ref. 
4.
Editing: This mode 1s activated by touching the area designated as EDIT. The sequence which has already been read into the computer will be displayed 1n rows 25 nucleotides long (Fig. 6) . Any nucleotide can be edited by supplying Its row and column number. These numbers are supplied to the program by using the alphanumeric table listed in the menu (see F1g. 1). After you have made an acceptable selection the user is given the opportunity to DELETE, INSERT, REPLACE, or insert an N into any of the positions of the original nucleotide sequence. This is done by touching the appropriate box in the nenu followed, where necessary, with the replacement nucleotide. The corrected sequence is immediately displayed after editing (Fig. 6) . . 7 as a  numerical value) the user is free to use the available functions listed in the menu in order to replace, substitute or leave ambiguous each of the positions of mismatch. In addition, each of the multiple readings from a single reaction is recorded in the GARBAGE, file so that a record of each reading is available (Fig. 4b) . b) END: By touching the function box labeled, END, the user can terminate the program at any time. The total of the number of reactions entered is then displayed. The sequence data for each set of readings is stored as a nonredundant version (i.e. no multiple readings, only the consensus of multiple readings) 1n a TRIAL, file. It 1s from this output file that data may be drawn for the further analysis.
REQUESTED EDIT
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IV. Interesting Features
The use of DIGITPAD for the automatic entry of nucleotide sequence data has several distinct advantages. One interesting consequence of being able to read autoradiographs by means of a digitizing tablet is that a digitized map of the bands on the gel are recorded. This map is an accumulation of X and Y coordinates for each band on the autoradiograph. Consequently, any irregularity in the spacing of the bands due to localized compression 1n the gel, are a part of this record. Since such compressions are frequently an indication of localized secondary structure formation, a catalogue of regions of the DNA that tend to form such structures can be retrieved from the DIGITPAD raw data files (I.e. the listing of the untranslated x and y coordinates). This mapping data is potentially quite interesting since little is known about the rules that govern the formation of secondary structures in DNA molecules.
The main reason for the development of this method of data entry reading was to minimize the various sources of error associated with the manual recording of sequence data.
However, one potential source of error associated with this new method was soon apparent. During the process of entering data from the tablet, it is very easy to lose one's place on the autoradiograph after viewing the terminal screen to check the accuracy of the newly entered data. 
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